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PHMHOCTH Tp SKCIIyaTaluMun Tpy30NObeEMHBIX 
MalllwH WM MexaHW3MoB B Poccuu. IlpuBoyatca 
CTaTHCTHKa HeECYACTHBIX CILy4aeB HU CMepTeJIbHbIX 
TpaBM Ha IIOJ(bEMHBIX COOPyxKeHHAX, a TaKxKe 
JJaHHbIe 110 AaBAPHMHOCTU Tpy301ObEMHBIX Ma- 
muH (I TIM). B mpomecce aHamu3a aHHbIx UCc- 
TOJIb30BaIMCbh AJITOPHTMbI MHTePNOJANHU, 3as10- 
XKCHHbIC B MATeEMATHYeCKOe TporpaMMHoe obec- 
lreyeHue. B pe3yibTaTe MOJeIMpOBaHHA IIpOrHo- 
3a Ha OBM onpeyesaroTca HHTepBasIbI BPeEMeHH, 
jaroulue Oonee TOYHBIe JaHHble B OTHOIMCHHH 
JMHAMUKU SKCIUTyaTallwu aBTOKpaHOB C HCTeK- 
IUMM CpOKOM cuyKObI HU KOodpdunMeHTa CMep- 
TeJIbHOrO TpaBMaTH3Ma Ha 1000 kpaHos. Takxe 
aAHANIM3MpYFOTCA IepCHeKTHBHbIe MeTOJIbI Mpo- 


THO3a JIA asIbHeMINen HAayYHO paoortHl. 


KuroueBble CJIOBa: aHasiv3, IpOrHo3, TpaBMa- 
TH3M, Ipy3010J{bEMHbIe MallIMHbI UW COOPyKeHHA, 
a9kcTpanonsuua, MathCAD. 


Bpejenne. B Haliie ctpaHe Oo IUI0e BHUMA- 
Hue yJlesIAeTCA BOMpOCcaM IIPOMBIMIIeHHOM Oe3- 
omacHoctTu: B 1997 roxy mpuHAT 3aKOH «O TIpo- 
MBILMWICHHOWM Oe30NMaCHOCTH OMaCHbIxX IIpOu3BO]- 
CTBCHHBIX OOBCKTOB», YTBepxKJICHbI HOPMBbI U 
ipaBwia B OOWACTH MpPOMBILINIeCHHOM Oe30macHo- 
cru [1, 2]. B Hacrosmjee BpeMa UMeeTcCA WOCTAa- 
TOYHO OObUIOe KOJIMYeECTBO Hay4HBIX paooT, 10- 
CBAIICHHBIX aHaIM3y CTaTMCTHKH aBapui u 
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accidents in the operation of hoisting machinery 
in Russia. The paper provides the statistics on 
accidents and fatal injuries on hoisting devices, 
as well as data on the accident rate of hoisting 
machines (HM). In the process of data analysis, 
interpolation algorithms embedded in the math- 
ematical software are used. As a result of com- 
puter simulation of the prediction process, time 
intervals are determined, which give more accu- 
rate results of the prediction in relation to the 
dynamics of operation of autocranes with the 
expired service life and the coefficient of fatal 
injuries per 1000 cranes. In addition, the analysis 
of perspective prediction methods for further 
scientific work is given. 

Key words: analysis, prediction, injuries, hoist- 


ing machinery and constructions, extrapolate, 
MathCAD 


Introduction. In our country, much attention 
is paid to industrial safety: the law "On industrial 
safety of hazardous production facilities" was 
introduced in 1997, the rules and regulations in 
the field of industrial safety were approved [1, 
2]. Currently, there is a large number of scien- 
tific papers, in Russia as well, devoted to the 


analysis of emergencies and accidents statistics 
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HeCUacTHbIX CIy4aeB IPH IKCIVIyaTaluu pa3sM4- 
HbIxX T'IIM, B Tom uucse u B Poccun [3, 4]. Ux 
ABTOPHI IIpelararoT UCIOJIb30BaTb MaTeMaTH4e- 
CKOe MOJIeIMpOBaHHe KaK HMHCTPYMeHT CO3aHuA 
ayIeKBaTHOH MOJIeIM JIA MpOrHO3HpOBaHuA 4HC- 
la aBapHH WM HECUACTHBIX CJIydaes. 

OyHako lpakTW4ecKH HeT UCCIesOBaHUuH, rye 
ObLIM Obl HaleHbI KOPpesAIMOHHbIe 3aBMCHMO- 
CTH, C IIOMOILbIO KOTOPBIX 10 KpuTeputo IIupco- 
Ha (KOIPMHIUMEHT KOppes ALM) MOXKHO OBO OBI 
YCTaHOBHTb IIPH4MHHO-CJICJICTBCHHBIe CBA3H C 
aBapUAMUM UW TpaBMaTH3MOM. 

Co3qjaHve MaTeMaTH4ecKOM MOJIeIM, C TOMO- 
I[bIO KOTOPOM MOXKHO OCYIIeCTBUTb MpOrHo3upo- 
BaHHe aBapHMHOCTH WM HeECYaCTHBIX CJly4aeB, 103- 
BOJMT KOHTpouMpyrouleMy opraHy (PoctTex- 
Ha30py) pa3pabaTbIBaTbh MW OCYIICCTBIATb Mepbl 
B OOacTH OOeCHe4eHHA TIPOMbIMUIeCHHONM 6e3- 
ONWacHOCTH jJIX MpesOTBpallleHuA aBapun U 
HeCUaCcTHbIX CJly4aeB Ha pe MpWATHAX, SKCIUIY- 
aTupyrommx ITIM. 3ayaua, crosmlaa mepey, aBTo- 
pamu jlaHHoro UccesOBaHuA — paCCMOTPeTb 
pa3JIM4Hble MeTOJbI aHasIv3a UW WpOrHo3a aBapHuit- 
HOCTH UM [pOn3BOJCTBeHHOrO TpaBMaTH3MAa, 
IIpeCTaBUTb UCIOUb3yeMOe TIporpaMMHoe obec- 
eueHve, IIPpOBeCTH MpOrHo3Hble pacueTbI JMHa- 
MUKM 9KCIIyaTauMH aBTOKpaHOB C UCTeCKINIMM 
CPOKOM CJIyXKObI HW BbIABUTb MpOrHo3s KOIMMuIH- 
CHTa CMepTeJIbHOTO TpaBMaTH3Ma Ha 1000 xpa- 
HOB Ha 10 met — yo 2025 roga. PesybTaTbl mpo- 
BeJCHHOrO UCCJICOBAaHHA MOTyYT aTb B OyyUIeM 
BO3MO2%KHOCTh OCYIICCTBIATb IpOrHosHpoBaHue 
ciyuaeB TpaBMaTH3Ma, 3TO MO3BOJIMT OCYIIeCTB- 
ATb MepbI 10 IIpeOTBpalleHHtO aBapuiit, JIMKBU- 
WalluMl HECUACTHBIX CIry4aes. 

OcHOBHaN 4acTb. Ona 43 HeraTHBHbIX CTO- 
POH B CYyIecTByrOlleH MpoOsemMe TpaBMaTH3Ma U 
aBapHMHOCTH TpW SKCIyaTaluu rpy30no0bem- 
HbIX MallIMH MW Me€XaHv3MOB B Poccuu — 9TO CTa- 
peHve lapkKa Ipy30NObeMHBIX MallIHH. Jen- 
CTBUTeIbHO, B 1990-x rogax B P® coxpatTusocs 
KOJIMYeECTBO BbIITYCKaeCMbIX OTCYCCTBCHHBIX Kpa- 
HOB, @ 4HMCJIO SKCIIyYaTHUpyeMbIX KpaHOB 3apy- 
O@xKHEIX TPpOH3BOJMTeIeH ObIIO HH4YTOXKHO Ma- 
JIBIM (puc.1). 
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in the operation of various HM, [3, 4]. Their au- 
thors propose to use mathematical modeling as a 
tool for creating an adequate model for predict- 
ing the number of emergencies and accidents. 

However, there are practically no studies 
where correlations were found, with the help of 
which, according to Pearson's criterion (correla- 
tion coefficient), it would be possible to estab- 
lish cause-and-effect relationships with accidents 
and injuries. 

The creation of a mathematical model, which 
can be used to predict emergencies and acci- 
dents, will allow the Supervisory Authority 
(Rostekhnadzor (Federal Service for Environ- 
mental, Technological and Nuclear Oversight of 
Russia) to develop and implement measures in 
the field of industrial safety to prevent emergen- 
cies and accidents at enterprises operating HM. 
The task for the authors of this study is to con- 
sider various methods of analysis and prediction 
of accidents and industrial injuries, to present the 
software used, to make predictive calculations of 
the dynamics of operation of cranes with the ex- 
pired service life and to identify the prediction of 
fatal injuries coefficient per 1,000 cranes for 10 
years — until 2025. The results of the study can 
provide an opportunity in the future to predict 
the occurrence of injuries, it will allow you to 
implement measures to prevent emergencies, 
eliminate accidents. 

Main part. One of the negative sides in the 
existing problem of injuries and accidents in the 
operation of hoisting equipment in Russia is ag- 
ing of the lifting machines fleet. Indeed, in 1990- 
ies in the Russian Federation, the number of 
produced domestic cranes reduced, and the 
number of operated cranes of foreign manufac- 


turers was negligible (Fig.1). 
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Puc. 1. JwHamMuka CHYDKCHMA KOJIMYECTBA SKCIIIYATHPyeMBIX KpaHoB B Poccun 


Fig. 1. Dynamics of decrease in the number of operated cranes in Russia 


IIpoOmema ycyryOlsetca Tem, 4TO B PO, no 
JJaHHbIM |’ocKomMctTata P®, c cepeynupr 1990-x 
mo 2008—2009-x roqOB pe3KO BbIPOCcIO 4HCIIO 
TTIM c uctexmmm cpoxom ciryxOpsr. [Ipuuuna 
9TOrO KpOeTCA B TOM, 4TO CTpaHa 2%KUIa 3a CUET 
pecypca, HaKOMJIeEHHOrO B COBeETCKOe BPeMA, KO- 


ra OTeyecTBeHHbIM npon3sBoqutTetb TIIM 
CIIpaBJIAJICA C IpOM3BOJCTBCHHBIMM HyKaMu 
(puc. 2). 


Haunnaa c 2009-2010 ronoB no HacTosntee 
BPeMA CHTyallMA HECKOJIbKO W3MeHMJacb. Kosmn- 
yecTBo I'IIM, y KOTOpBIX HCTEK CpOK CJTy2KOBI, He 
CHWKaJIOCb, CTaJIO CTaOWJIbHbIM (puc. 2, 3) 3a 
CcyuéT Mpexye BCero 3aKyNOK KpaHos UH IIC 3apy- 
OexKHOrO Npou3BOCTBa. AHasIM3 CTATHCTH4eCKHX 
JJaHHBIX 110 TpaBMaTu3My 3a 2009-2015 rr. moKa- 
3bIBaeT, YTO HaOsJIIOMAaeTCA TeHACHIWMA pocta Kak 
aBapHMHHOCTH, TaK HW CMepTeJIbHOrO TpaBMaTH3Ma 
IIpH 9KcWIyaTalwu MOXbeMHBIX COOpyxKeHuH 
(IC) Ha onacHbIxX MpOW3BOJICTBCHHBIX OObeKTAX 
(OTTO) (puc. 4, 5). 
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The problem is exacerbated by the fact that in 
Russia, according to the State Statistics Commit- 
tee, the number of HM with an expired service 
life sharply increased from the mid-1990s to 
2008-2009-1es. The reason for this lies in the fact 
that the country lived at the expense of the re- 
source accumulated in Soviet times, when the 
domestic manufacturer of HM coped with the 
production needs (Fig. 2). 

From 2009-2010 to the present day, the situa- 
tion has changed somewhat. The number of HM 
that have the expired service life has not de- 
creased, but has become stable (Fig. 2, 3) primari- 
ly due to the purchasing of foreign cranes and 
hoisting devices. The analysis of statistical data 
on injuries for 2009-2015 shows that there is a 
tendency of growth of both accidents and fatal 
injuries in the operation of hoisting devices (HD) 
at hazardous production facilities (HPF) (Fig. 4, 
5). 
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Puc. 2. J[uHamuka dKCIislyaTallMu OallleHHbIxX KpaHOB C MCTeKIIIMM CpOKOM CJIy?KOBI 


Fig. 3. Dynamics of operation of autocranes with the expired service life 
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Fig. 3. Dynamics of operation of autocranes with the expired service life 
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Puc. 4. JwHamuka aBapMHHOCTH MW HeCyaCTHBIX CLyyaeBlIpH dKcIIyaTauMH ITC 


Fig. 4. Dynamics of emergencies and accidents in the operation of HD 
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Fig. 5. Dynamics of fatal injuries in the operation of HD 
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Mcnomb30BaHne PHcK-OpveHTUpOBaHHOro 
WouxXoya pH oOpranvu3zauuu LocysapcTBeHHOTo 
KOHTpOJIA WH Hagz30pa 3a COOUIOWeEHHeEM TpeOoBa- 
HHM MpOMBILNICHHOM Oe30MaCHOCTH Tp IKCIIIY- 


OO C HC 
K COKpalljeHHtO Ha TOT TepHO YCIa MWIaHOBBIX 


aTalluu IIPHBeIO 
IIPOBepOK, IIPpOBOAHMBIX PocTexHayi30pOM B OT- 
HOWMeHHH OpraHH3alvi,  9dKCIWTyaTMpyrollux 
OO. Tak, no uToram mpoBeyzeHHon B 2013 r. 
Tepepeructpauuu OIIO c mpucBoeHuem xkiracca 
onacHocTu oKoNO 92% Bcex OIIO c IIC Obiuim 
OTHeceHBI K IV Kylaccy OMacHOCTH, B OTHOINeCHUH 
KOTOPBIX IIPOBepKH He MpoBoATca. Takum oOpa- 
30M, c 2013 roga orpomHoe kKosmuyectTBO JIC He- 
CKOJIBKO JICT ABJIAUIOCb He MOJKOHTPOJIbHbIM Foc- 
yapCTBeCHHbIM HaJi30pHbIM OpraHaM. Kpome To- 
TO, H3MeCHCHHA 3AKOHOAaTeJIBCTBa B YACTH BBIBO- 
a MTOR, WIaTmOpM MOJbeCMHBIX WIA WHBAsIN- 
JOB MU 9CKallaTOpOB BHE MeTPONOJIMTeHOB 3 Ka- 
TeropnHu OIIO takxe noBmuaOo Ha ocladseHHe 
Hay30pa 3a 9THMH OOBeEKTaMH CO CTOpOHEI Po- 
cTexHay30pa. JlaHHbIi dakTOp ycyryOus u 6e3 
TOrO CJIOKHYIO CHTyalMto c OOecrIeyeHHeM 6¢e3- 
onacHocTu mpu sKcrtyaramuu TIIM u IC B Poc- 
cuu. 

B pe3ylbTaTe BJIaJeJIbI[bI MOJbeEMHbIX COOpy- 
2KCHUM WpakTH4ecKH Ha 3AKOHHbIX OCHOBAHHAX He 
BKJIa{bIBAalOT CpeJICTBa He TOJIbKO Ha TEXHH4eCKOe 
TlepeBoopyxkeHve, HO HU Ha TOIepxKaHve U3HO- 
ICHHOrO WapKa TOJbeEMHBIX COOPpyKeHHM B HC- 
IIpaBHOM COCTOAHHM, a TakxKe Ha COJepxKaHHe B 
WiTaTe KBaJIMMUIMpOBAaHHOrO OOCJIy2KUMBAIOM[ero 
llepcoHayia WU cllemMarucTtos. JlanHoe oOcTos- 
TeJIbCTBO HEJIOMYCTHMO UM BeyIeT K POCTy aBapui- 
HOCTH MW TpaBMaTH3Ma IIpH SKCIIIyaTauMu rpy3o0- 
TIOJ,bEMHBIX MallIMH M M€XaHH3MOB B Poccun. Pe- 
3YJIbTaTbI TAKOM MOJIMTHKU TpUBeyT K pocty 4uCc- 
la aBapH MW HECUACTHBIX CJLy4aes. 


Oomtee 2Ke cCHwpKeHMe c 1995 rona HeCc4dacTHBIXx 
Cly4yaeB CO CMePTeJIbHbIM HCXOJIOM OOBACHHAeTCA 
CHWKeHHeM OOUIero KOUMY4eCTBAa 9IKCIULyaTupye- 
MBIX ITIIM Bs Poccuu. KommuectBo aBapui mpu 
OKCIIyaTallun KpaHoB B Poccuu coctapisaer oT 40 
no 60 B roy (puc. 6). ABapuu exKeroyqHO TIpHBOAT 
K 90-100 cMepTeJIBHBIM HeCuaCcTHbIM CJIy4adM Ha 
ipou3BoyctBe. IIpeycraBpieHHbie JaHHble BeCbMa 
YCTOMUMBBI. 
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The use of a risk-based approach in the organ- 
ization of state control and supervision over the 
compliance of industrial safety requirements in 
the operation of HPF with HD led for that period 
to the reduction in the number of planned inspec- 
tions conducted by Rostechnadzor for organiza- 
tions operating HPF. Thus, according to the re- 
sults of the re-registration of HPF in 2013 with 
the assignment of the hazard class, about 92% of 
all HPF with HD were assigned to the IV hazard 
class, in respect of which no inspections are car- 
ried out. Thus, since 2013, a huge number of HD 
has not been controlled by the State Supervisory 
Authorities for several years. In addition, changes 
in legislation regarding the withdrawal from the 
HPF category of elevators, lifting platforms for 
disabled people and escalators, that are not used 
in metro also contributed to the weakening of the 
Rostekhnadzor supervision over these objects. 
This factor has aggravated the already difficult 
situation with ensuring safety in the operation of 
HM and HD in Russia. 

As a result, the owners of lifting facilities 
practically legally do not invest in technical re- 
equipment, as well as they do not maintain in 
good condition the worn-out park of lifting facili- 
ties, and maintain a staff of qualified service per- 
sonnel and specialists. This circumstance is unac- 
ceptable and leads to an increase in accidents and 
injuries in the operation of lifting machines and 
equipment in Russia. The results of this policy 
will lead to an increase in the number of acci- 
dents. 

The overall decrease since 1995 in fatal acci- 
dents is due to the decrease in the total number of 
HD operated in Russia. The number of accidents 
during the operation of cranes in Russia is from 
40 to 60 a year (Fig. 6). 90-100 accidents are fol- 
lowed by death at work each year. The data pre- 


sented are very stable. 
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IIpwunHbl aBapHii, Kak W3BeCTHO, JeuIATCA Ha 
TeXHHYecKHe UW OpraHH3allMOHHble. CyeytyeT 3a- 
MeCTHTb, 4TO OObIIe NONOBMHbI (60%) aBapuit 
IIPOMCXOJUT MO TeXHH4eCKHM IIpH4ynHaM, B OC- 
HOBHOM 413-34 He€YJOBJICTBOPUTeJIbHOrO COCTOS- 
HHA TEXHHYeECKUX ycTpouicTB (30%), u3-3a IpH- 
OopoB Oe3sonacHocTu (15%) u HapylieHua TexHO- 
NOTHH Tpou3BoycTBa padot (25%). Bsicoxkum 
OCTaeTCA KOJIMYeECTBO aBapuii 10 OpraHu3allHoH- 
HbIM WpH4unHam (40%). 








The causes of accidents, as you know, are di- 


vided into technical and organizational. It should 
be noted that more than half (60%) of accidents 
occur for technical reasons, mainly due to unsatis- 
factory condition of technical equipment (30%), 
due to safety devices (15%) and violations of the 
technology of work (25%). The number of acci- 
dents due to organizational reasons remains high 
(40%). 
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Puc. 6. Kosmmuectso apap Tpy30MOXbeMHBIX KpaHoB B Poccun 


Fig. 6. Number of accidents of hoisting cranes in Russia 


Ha puc. 7 lipeacTaBsleHo paciipeyesIeHve 4C- 
la CMePTeJIBHBIX TpaBM IIPH 9SKCIIJIyaTauMUu pa3- 
JMUHBIX BHUTOB ITIIM, 3TH ZaHHbIe CBHYyeTEeIIb- 
CTBYFOT O TOM, 4TO CaMasx BbICOKaA ABADHMHOCTB 
ObIBaeT mIpu padote OallleHHBIXx 
VW ABTOMOOMJIbHbIX KpaHos. 

CamMbIMH OacHbIMUM (akTOpaMu pu padoTe 
9THX Me€XaHW3MOB ABIIAIOTCA SKCIIyaTaluAa Wpu- 
OOpoB UM YCTpOMCTB Oe30MacHOCTH C pa3JIM4HbIMU 
neekTaMu, a TakxKe NMOBPpexTeHHA TEXHUYeECKHX 
YCTpOHCTB HU 9IeMeHTOB I TIM. 


Fig. 7 shows the distribution of the number of 
fatal injuries in the operation of various types of 
HM. These data indicate that the highest accident 
rate occurs during the operation of tower and au- 
tomobile cranes. 

The most dangerous factors in the operation of 
these mechanisms are the operation of equipment 
and safety devices with various defects, as well as 
damage to technical devices and elements of the 
HD. 
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Puc. 7. Pactipeqemenue cily4aeB CMepTeJIbBHOrO TpaBMaTH3Ma IO BUaM rpy30MOJbEMHBIX MalliMH 


Fig. 7. Distribution of fatal injuries by the type of lifting equipment 











B cpeqHeM exKeroyHO B Poccuu pu 9sKcIIya- 
TallMH TOJbeEMHBIX COOPy2KeHHH CMepTeJIbHBIe 
TPaBMBI HoyuaroT OT 96 Wo 105 4esoBeK. 

AHasIv3 CTATHCTH4eCCKHX WaHHBIx 3a 2015 ron 
TlO3BOJIAeCT CelaTb BbIBOJ, YTO CaMbIM BbICOKHH 
YPpOBeHb aBapHHHOCTH HaOsOWaeTcCA Mpu 9KC- 
liyaTaluu OalieHHbix (13 ciryaaeB) HM aBTOMO- 
OMJIbHBIX (9 cry4aeB) KpaHos (puc. 8) [5]. 


On average, from 96 to 105 people in Russia 
annually suffer fatal injuries during the opera- 
tion of lifting facilities. 

The analysis of statistical data for 2015 al- 
lows us to conclude that the highest level of ac- 
cident rate is observed in the operation of tower 
(13 cases) and automobile (9 cases) cranes (Fig. 


(8) [5]. 
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Fig. 8. Distribution of accidents by the types of hoisting machines 
3HayeHHa =6KOD@C)UNMeHTa ~=—s CMepTeJIBHOTO The values of the coefficient of fatal injuries 


TpaBMaTu3ma Ha 1000 KpaHos B Poccuiickou De- 
epaltuu, 10 TaHHbIM PocTexHa30pa, MpecTaB- 
JICHbI Ha plc. 9 (cpeqHu KOIdulHeHT 0 Poc- 
cuu — 0,19 Ha 2014 rog) [5]. 


on 1000 cranes in the Russian Federation, accord- 
ing to the Rostekhnadzor, are presented in Fig. 9 
(the average coefficient in Russia is 0.19 for 
2014) [5]. 
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Puc. 9. Koosd@dunuent CMepTesIbHOrO TpaBMaTH3Ma Ha 1000 KpaHoB 


Fig. 9. Fatal injury rate per 1000 cranes 


Meroabi 1porno3a WH aHasn3a TpaBMaTH3- 
ma. J|aHHbie CTaTHCTHKU TpaBMaTH3Ma ABJIAFOTCA 
MHOrolapaMeTpHyeckoH MyHKIMeH Cc MpucyT- 
CTBHeM CTOXacTH4eCKHX 93IeMeHTOB. IIpu aHamu- 


3€ KOMIOHEHTOB CIyuavHbIx PyHKWMH HeoOxo- 


Methods for prediction and analysis of in- 
juries. Injury statistics are a multiparametric 
function with the presence of stochastic ele- 


ments. When analyzing the components of ran- 
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MMO UMeTB TipeyscTaBieHwve O MOrpelliHOcTu 
IIPHMCHACMBIX MeCTOJIOB pacueéTa, a TaKxKEe paciio- 
naratb 93@®eKTHBHbIM aJIFOPHTMOM IIpoBepKu 
JIAHHBIX Ha aJIeKBaTHOCTb MpOrHO3HpyeMBbIx 3Ha- 
4eHUH. 

IIpu oOpadotTke cTaTHCTHKH B aHHOW oOsa- 
CTH MCIOJIb3YIOTCA CHeYIOMMe MeTOJIBI: 

1. IIpegqcka3anHue (9kKcTpanolauua) BeKTOpa 
JAHHBIX C HCIHOJb30BaHHeM CliellMasIbHOrO Tpo- 
TpaMMHoro oGecneyeHua [6]. AHamuTu4eckHe 
MeTOJbI perpeccHOHHOrO onmucaHua dyHKUMi 
TpaBMaTH3Ma B Bue NOWyIMUMpMYecKHx Mop- 
MYII. 

2. Metoybl, CBa3aHHbIC C aHasiu30M (dpak- 
TaJIbHbIX Ppa3MepHOCTeH, NPUBIICUeHHbIe 3 Teo- 
puu CHIrHasIOB, COsepxKallux B CBOeM ONMCaHuH 
cyuavHble coctapiaromme | 7]. 

3. Tpynma MeToyoB, aHalM3upyrollad cTaH- 
JapTHble WU clielMaibHble CTaTHCTM4eCKHe Xapak- 
TepHCTHKU BbIOOpKU (cpeaqHee apudMeTuyeckKoe, 
TeOMeTpHYeCcKOe, TAaPMOHHYECKOe B3BeIIeHHOE, 
KOIPMUIUMEHT KOppesaluu, Moenb Ilyaccona, 
KOIPMUIMEHT R’u T..) [8, 9]. 

4. AnasmM3 epeBa COObITHH — asIrOpuTM T0- 
CTPOCHHA TOCIeOBAaTeJIbHOCTH COObITHH, HCXO- 
JAMMX M3 OCHOBHOLO COObITHA (aBapuiiHad CUTy- 
alld) Ha OCHOBaHHH KOTOPOrO MO2%KHO paccyH- 
TaTb BEPOATHOCTH BepIIMHHbIX COOBITHH pa3sH4- 
HbIX CHTyallMH. 

IIpu aHasmm3e JaHHbIX MCIOIb30BaICA MaTeMa- 
THYeckHH nakeT MathSoft MathCAD (puc.10). 
OcHOBHad UCHOb3yeMad PYHKIHA predict (v, m, 
n). Ita PYHKUMA UCHOUb3yeT TPH OllepaHya: v — 
MCXOJHBIM BeKTOP JaHHbIX; mm — KOJMUCCTBO 
HMCXOJIHBIX NOCIICIHUX 3Ha4eHHH B BbIOOpKe, KO- 
TOpble OepyTca WIA COCTaBIIeCHHA IIporHo3a; n — 
KOJIM4eCTBO 4HCeI, OlIpesearoMlee OObEM TIpoO- 
rHo3a [6]. 


dom functions, it is necessary to have an idea of 
the error of the calculation methods used, as 
well as to have an effective algorithm for check- 
ing the data for the adequacy of the predicted 
values. 

The following methods are used to process 
Statistics in this area: 

1. Prediction (extrapolation) of data vector 
using special software [6]. Analytical methods 
of regression description of injury functions in 
the form of semi-empirical formulas. 

2. Methods related to the analysis of fractal 
dimensions drawn from the theory of signals 
containing random components in their descrip- 
tion [7]. 

3. A group of methods analyzing standard 
and special statistical characteristics of the sam- 
ple (arithmetic mean, geometric, harmonic 
weighted, correlation coefficient, Poisson's 
model, R’ coefficient, etc.) [8, 9]. 

4. Analysis of the event tree — an algorithm 
for constructing a sequence of events originating 
from the main event (emergency) on the basis of 
which it is possible to calculate the probability 
of apical events of different situations. 

The mathematical package MathSoft 
MathCAD was used for data analysis (Fig.10). 
The main function used is predict (v, m, n). This 
function uses three operands: v — the initial 
vector of data; m — the number of the initial last 
values in the sample, which are taken to make a 


prediction; n — the number of numbers that de- 


termine the volume of the prediction [6]. 
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Puc. 10. IIpumep skcTpanosauMM BeKTOpa JJaHHBIX C MOMOLM[bIO PYHKIMH predict (v, m, n) 


Fig. 10. An example of extrapolation of the data vector using the predict function (v, m, n) 


IIpu okcTpanonsaumu B MathCAD pacyétsri 
IIPOBOAATCA B BUTE OTAKU MpoOrHo3a, T.e. BHa- 
yale IIpOBepxeTCA alleKBaTHOe TO MOrpelliHOcTu 
KOJIM4eECTBO eT pH WporHo3e. Ilocue BEIOupa- 
eTCA TepwoO| BpeMeHH IA TporHo3a UW Ocy- 
ICCTBIIACTCA SIKCTPAalOJIANMA BeEKTOPa aHHBIX. 
IlorpelliHocTb MpoBepseTCA C IMOMOIIbIO perpec- 
CHoOHHOrO Koxpduuventa R* (oTHOMIeHHe ZuC- 
Tle-pCHH MCXOJHbIX 3HAYCHHM BeKTOpa JaHHbIX U 
IIPOBCPOUHBIX 3HAYCHMM, BEIYMCJICHHBIX JIA TOrO 
*Ke MepHoa BPeMeHN). 

Pe3yJIbTaTbI MpOrHo3sHbIx pacueros. bam 
IIpOBeJeHbI TPOrHO3HbIe pacueTbI JMHAaMUKU 
OKCIIyaTauMuW aBTOKPpaHOB C HCTeKINMM CpOKOM 
CHYKObI KaK (akTOpa, Oe3yCJIOBHO BJIMAIOMero 
Ha JMHaMUKy aBapHMHOCTH MW HeECUaCTHBIX CJIy4a- 
ep HC npu skcnayatraunu TIC, u kosdduunenuta 
CMepTeJIbHOrO TpaBMaTH3Ma Ha 1000 xkpaHoB 
(puc. 11-13). 
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When extrapolating in MathCAD the calcu- 
lations are carried out in the form of debugging 
the prediction, i.e. first you check the adequate 
error in the number of years of the prediction. 
After that, the time period for the prediction is 
selected and the data vector 1s extrapolated. The 
error is verified by the R’ regression coefficient 
(the ratio of variances between the original data 
vector values and the test values calculated for 
the same period). 

Prediction Calculations Results. The au- 
thors have carried out the prediction calculations 
of the dynamics of autocranes operation with the 
expired life service as a factor that will definite- 
ly influence the dynamics of accidents and 
emergencies during operation of HD, and the 


rate of fatal injuries per 1,000 cranes (Fig. 11- 
13). 
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Puc. 11. UcxogquHaa craructuka JMHaMUKH DKCIyaTallu ABTOKPaHOB C MCTeKIIMMM CPOKOM CJLy2KOBI 


Fig. 11. Initial statistics of operation dynamics of cranes with the expired service life 
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Puc. 12. Ornaaka NporHo3a C MOMOLIbIO Kos@muuneHtTa R’: 


Fig. 12. Debugging the prediction by the coefficient R’: 


SR_VYA — cpeyHee apudMetuyeckoe OTIATOUHBIX 3HAYCHHH, B3ATHIX 13 BEKTOPA JaHHbIX 3a 2010-2014 rr., 


SR_VP — cpeyHee apudMetTuyeckoe CIPOrHO3MpOBaHHbIX 3HadeHu 3a 4 roma, DISP_ VYA, 


DISP_VP — aucnepcnu yByx aHaM3HpyeMbIx BEIOOpoK, R2 — perpeccuoHHBIl ko3xpdunuext R* (omKeH 


MOKa3bIBaTb J—10-1poleHTHOe OTHOIIECHHe) 
SR_VYA — the arithmetic average of the debug values from the data vector for 2010-2014, SR_VP — the 
arithmetic average of the predicted values over 4 years, DISP_VYA, DISP_VP — the dispersion of the two 
analyzed samples, R2 — the regression coefficient R° (should show a 5-10% ratio) 
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2010 2012 2014 


R2 = 0.97140470444 


Puc. 13. Ormayka mporHo3a c NOMOLIbIO KoIpdunHeuta R* vu PyHKyHH 


predict (v, m, n) MHaMMKM 93KCIUIyaTauMu ABTOKPaHOB C MCTCKINMM CpOKOM CJIy2KObI 


Fig. 13. Debugging the prediction by the coefficient R’, and function predict (v, m, n) of autocranes with 


the expired service life operation dynamics 


UcxoygHble JjaHHble Jia pacuéta Obi NpuHsA- 
TbI H3 CTATHCTUKH TO aBapHHHOCTH UM HecuactT- 
HBIM CJry4aaM pu sKcrryaTamun LIC. 

IIpu oTnagqke NporHo3a UCIOJb30BaIICA Tepu- 
OJ BPeMeHW C HaKOINICHHOKW CTaTHCTHKON aBa- 
punnoctu c 2001 mo 2014 roy. B pe3ynsrate oT- 
NaJiKU ObWIO OpeeseHO, UTO MOKa3zaTesIb N UMe- 
eT ONTHMasIbHOe 3HadeHHe, paBHoe 5 (puc. 14). 


The initial data for the calculation were tak- 
en from the statistics on accidents and emergen- 
cies during the operation of HD. 

When debugging the prediction, the period 


with the accumulated accident statistics from 
2001 to 2014 was used. As a result of debug- 
ging, it was determined that the indicator n has 
an optimal value of 5 (Fig. 14). 
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Puc. 14. Pesynptat dopMupoBaHHA OTIaKeCHHOrO NPOrHO3a AMHAMMKU SKCIIyaTallM ABTOKPaHoB C 
MCTeCKIIMM CpOKOM CJIy2KOBI C MOMOLIbIO PyHKIUMH predict Ha 10 net, BIIOTh WO 2025 rona 


Fig. 14. Result of formation of the debugged prediction of autocranes with the expired service life operation dy- 
namics by means of the predict function for 10 years, up to 2025 


IIporno3 Kooddunnenta  cMepTeJIbHOrO Prediction of fatal injuries coefficient per 
TpaBMatTu3ma Ha 1000 Kpanos Ha 10 set, 0 1,000 cranes for 10 years, until 2025. Fig.15 
2025 roga. Ha puc.15 mpeqctTaBieHbl pesyIbTaTbl shows the prediction calculation results of the 
pacuéTa MporHo3a WuHaMuKU KosdpdulMenta dynamics of fatal injuries coefficient on 1000 
CMepTeIbHOrO TpaBMaTH3Ma Ha 1000 KpaHoB Ha cranes for 10 years. As it can be seen from the 
10 net. Kak BHHO 110 pe3yIbTaTaM MporHo3a, K prediction results, by 2025 the coefficient should 
2025 romy cilenyeT OxkUaTb CHYDKEHHA KOU be expected to decrease by no more than 0.25. 


IMeHTa He Oostee dem Ha 0,25. 
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Puc. 15. IIporno3 kos@dunMenta CMepTesIbHOrO TpaBMaTu3Ma Ha 1000 kpaHos Ha 10 set: 


Z . 
a — JlaHHble cTaTucTUKU, b — oTIaKa IporHo3a 10 R*, c — s@deKTHBHbIM BAapMAaHT MporHos3a, 


d — pe3yiIbTaT mporHos3a Ha 10 eT 


Fig. 15. Prediction of fatal injuries coefficient per 1000 cranes for 10 years: 


a — statistics b — debugging the prediction on “’, c — efficient variant of the prediction, 


d — result of 10-years prediction 


KoppeJalnia COOTHOWMeHHA MeKTY 4HCJIOM 
KpaHOB C HCTeKINIMM CpOKOM CJyxKObI HW KOJIN- 
yYeCTBOM aBapui. Kooddulwenxt koppemsannu 
Ixy MO3BOUACT ONPeeIUTb CHIly JIMHEMHOM KOp- 
PeALMOHHOM CBA3H MeXxKTY CiuyyaiHbIMu COOBI- 
THAMH. M3BecTHbI CHJIbI KOPpeJIAIMOHHOM CBA3H: 
cuIbHaa — oT +0,7 0 +1; cpeaqHaa — oT +0,3 no 
+0,699; cnadaa — oT 0 qo £0,299. 

PacueT BeJIM C y4éTOM TOrO, 4TO cyyanHas 
Bem4nHa X — mpoweHnT Bua TTIM c uctrekumM™m 
CPOKOM CJIy2KOBI, a Cly4aiHad Benw4unHa Y — Ko- 
JIMUeECTBO aBAapHH COOTBETCTBYIOIUeroO Bua Kpa- 
HOB. 

Koodd®uiveHTsl Koppesailuu Ob paccuuta- 
HbI C MOMOMIbIO NakeTa MathCad, u pe3ybTarTbI 
IIpeCTaBJIeHbI Ha puc. 16. 
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Correlation of the ratio between the num- 
ber of cranes with the expired service life and 
the number of accidents. Correlation coefficient 
Ixy allows you to determine the strength of the 
linear correlation between random events. We 
know the forces of correlation: strong — from 
+0.7 to +1; medium — from +0.3 to +0.699; 
weak — from 0 to £0.299. 

The calculation was carried out taking into ac- 
count the fact that the random variable X — per- 
centage of the type of HM with the expired ser- 
vice life, and the random variable Y — the num- 
ber of accidents of the corresponding type of 
cranes. 

The correlation coefficients were calculated 
using the MathCad package and the results are 
shown in Fig.16. 
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Puc. 16. Kos@duMenTsl KoppesIAHOHHOM CBA3H Me?K LY YMCJIOM KpaHOB C HCTCKINMM CpOKOM CJIy2KOBI 


WM KOJIMYeECTBOM aBapHnu 


Fig. 16. Correlation coefficients between the number of cranes with the expired service life and 


the number of accidents 
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B ciyyae aBTroKpaHosB Koodduwuent IIupcouna 
yy = 0,524 nMonoKUTeIeH, YTO O3Ha4aeT cpel- 


HIOIO IIPAMYFO 3ABMCMMOCTb. C pOcTOM 4HCIIa aB- 
TOKpaHOB C HCTeCKIIMM CpOKOM CJIyxKObI BO3pac- 
TaeT KOJM4eCTBO aBapun. Takada xe TeHeCHIIMA 
momyyeHa WH A OallleHHBIX KpaHOB (Tyy = 
0,495). 

UtTo KacaeTca CBA3M Mey KOJIM4eECTBOM 3KC- 
IWIyaTHupyeMbIX KpaHOB HW KOJIMYeCTBOM aBapuh, 
TO OHA TaloKe CpeqHAA (Iyy = 0,54), M ee HyKHO 
YUMTBIBATB. 

KosddulueHt WOmOKUTeIeH, ITO O3HaAUaeT 
CpeXHIOIO TIpAMYy!O 3aBMCHMMOCcTb. Ecm kouMue- 
cTBo T'TIM OyaeT yMeHbIaTECA, TO MU KOJIM4ECTBO 
aBapHH COOTBETCTBEHHO TOKE. 

CreytyeT OTMETHTb, UTO MHTepec MpeycTaBsA- 
eT  BBbIABJICHHe WU Apyrnx  Mpv4nHHO- 
CJICCTBCHHbIX CBA3CM, OKa3bIBaIOIIMX BUIMAHMe 
Ha aBapHMHOCTb UW TpaBMaTH3M B ciepe mpuMe- 
HeHua TIIM. Hampumep, uHTepecHo paccMoTpeTb 
BONpoc O CHJI€ KOPpeJIAIMOHHOU CBA3H Me%KYy 
KOJIMUeCCTBOM 9KCIIIyaTHpyeMbIx B Poccnu 3apy- 
Oe2KHBIX KpaHOB HM YHCJIOM aBapuii. 


BprBonr. [l[pupeqeHa craTucTuka HecuacT- 
HbIX CJIy4UaeB HM CMCPTeJIbHbIX TpaBM Ha TOJbEM- 
HBIX COOPyKCHHAX, a TAKXKE JaHHbIe 10 aBapui- 
HOCTH rpy30lMOJBEMHBIX Malin (I'TIM). 

BsioJIHeH 0030p pa3JIM4HbIX MeETOJOB aHasIn- 
3a HM MpOrHo3a aBapHMHOCTH VU MpOu3BOJICTBeHHO- 
TO TpaBMaTH3Ma, a TakKoKe ONMCaHO UCIOJIB3yeMOe 
IIporpaMMHoe obecrieyeHue. 

B mponecce aHas3a JJAHHBIX MCIOIb3OBaJIMCh 
aNTOPUTMbI WHTepnuouwAuMH UW IKCTpAaOoAWMH, 
3aJIOXKCHHbIC B MaTeMaTHYecKOe IporpaMMHoe 
oOeclieyeHHe, KOPpesIAIMA CILY4aMHbIX BeIM4HH. 

B pe3yiIbTaTe MOJeIMpOBaHHA TIpomecca Tpo- 
THO3a Ha IBM onpeyeuatoTcA WHTepBalIbl Bpe- 
MeHH, Jlarollue Oouee TOUHbIC Pe3yJIbTAaTbI B OT- 
HOMICHHUM JMHAMUKH SKCIIyaTaluu KpaHos Cc Uc- 
TCKIIMM CPOKOM CiIyKObI UW KOIPMUUMeHTAa CMep- 
TeIbHOrO TpaBMaTu3mMa Ha 1000 kpaHos. PoctT 
KOJIM4CCTBA KPaHOB C MCTCKIUMM CpOKOM CJIyxKOBI 
coyueTaetcad c yBelmMyeHHemM xkoosddulnenta 
CMepTeJIbHOrO TpaBMaTH3Ma Ha 1000 KpaHos, 4TO 
BUOJIHE OOBACHUMO. 

PaccMoTpeHa KOppeJIAIMA COOTHOLIeCHHA UHC- 
la aBTOKpaHOB C HCTeKINMM CpOKOM CJIy2KObI U 


KOJIMYeECTBa aBapHii C HUM, BBIMHMCJICHbI KOIQ- 
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In the case of autocranes Pearson coefficient 
Txy=0.524 is positive, which means the average 
direct dependence. The number of accidents in- 
creases with the increase in the number of cranes 
with the expired service life. The same trend is 
obtained for tower cranes (1xy=0.495). 

When it comes to the relationship between the 
number of cranes in operation and the number of 
accidents, it is also average (r,y=0.54), and it must 
be taken into account. 

The coefficient is positive; it means the aver- 
age direct dependence. If the number of HD de- 
creases, then the number of accidents, respective- 
ly, too. 

It should be noted that it is of interest to iden- 
tify other cause-and-effect relationships that af- 
fect the accident rate and injuries in the field of 
HD. For example, it is interesting to consider the 
strength of the correlation between the number of 
foreign cranes operated in Russia and the number 
of accidents. 

Conclusions. The statistics on accidents and 


fatal injuries on lifting constructions, and the data 
on accident rate of hoisting devices (HD) are giv- 
en. 

The review of various methods of analysis and 
prediction of accidents and industrial injuries is 
provided, as well as the software is described. 

In the process of data analysis the interpola- 
tion and extrapolation algorithms incorporated in 
the mathematical software, correlation of random 
variables were used. 

As a result of computer simulation of the pre- 
diction process, time intervals are determined, 
which give more accurate results of the dynamics 
of cranes operation with the expired service life 
and the coefficient of fatal injuries per 1000 
cranes. The increase in the number of cranes with 
the expired service life is connected to the in- 
crease in fatal injury rate by 1,000 cranes, which 
is understandable. 

The correlation between the ratio of the num- 
ber of cranes with the expired service life and the 


number of accidents with them is considered, the 
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(DHIIMeCHTbI KOppelauMu, KOTOpbIe NoKa3au 
YCTOMYUBY!O CBA3b MEXKAY COOBITHAMH. 

JIunamuka 9KCIUIyaTalMu aBTOKpaHoOB Cc UC- 
TCKIIMM CDOKOM CJIyKObI ABIAeTCA (akTOpOM, 
BIIMAIOINMM Ha JWMHaMUKyY aBapHMHOCTH 
HeCuacTHBIX CJlydaeB pu skcnsryaTamHn TIM. 

PocT KOM4eCTBa KpaHOB C MCTeEKIIMM CPpOKOM 
CHyKObI CoueTaeTCA C yBeMYeHHeM KoodduIH- 
CHTa CMepTeJIbHOTO TpaBMaTH3Ma Ha 1000 xpa- 
HOB, 4TO BHOUHE OObACHMMO. 

HavieHbI KOppeJIAIMOHHbIe 3aBMCHMOCTH, C 
TOMOINIbIO KOTOPBIX 10 KpuTepuro IIupcona (ko- 
9PMPUUMEHT KOPpesAUHH) YCTaHOBJICHbI Tpv4H- 
HO-CJICJICTBCHHbIe CBA3M C aBapHAMUM MU TpaBMa- 
TH3MOM. Takoxe BbIABJICHa TIpH4HHHO- 
CileICTBeHHad CBA3b KOJIMYeCTBA Ipy30I0JbeM- 
HbIX MallIMH UW JHHaMuKY aBapunHocTH I IIM. 

Handosee MepcieKTHBHbIMH MeTOaMu JIA 
JJaIbHeMINerO UCCIeCOBAHMA ABIIAKOTCA Me€TOJIbI 
(ppakTaJIbHOrO HW BeHMBIIeET-aHasu3a. 

B pe3ylbTaTe poBeyeHHoro UCccIeETOBAaHuA 
OXKUTAeTCA BO3MO%KHOCTA OCYIICCTBJIICHHA IIpo- 
THO3HpOBaHHA TpaBMaTH3Ma, KOTOPOe TO3BOJIMT 
OpraHaM Haji30pa UW KOHTPOJIA COBMECTHO C COO- 
CTBeHHHKaMH I'TIM pa3padaTEiBatTb UW OCYyIIIeCTB- 
NATb MepbI TO IIpexOTBpallleHu1O aBapuit WIM 
NMKBU aun HeECYaCTHBIX CIIydaeB, KOTOPble MO- 
ryT UpoucxoyuTb B Oyzyulem. IlocmeqHee 0OcTO- 
ATCIIBCTBO IO3BOJMT KOMIA@HHAM 93KOHOMUTb 
JICHBIM Ha MeJIMIMHCKOM OOecneyeHHM UW KOM- 
TeHcauMu WOCTpayaBliuM paOoTHHKaM, UW 9TO 
OyeT BIIMATb Ha TO3HTHBHOe COlMaIbHO- 
IKOHOMHYeCKOe BOBSCHCTBHE Ha 3allluTy padorT- 
HHKOB OT TpaBM Ha paoote. 
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3aKOH [mpuHaT | ocygapcTrBeHHouw Jilymon 20 
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KoucysptTautiiaroc. — PexumM - yocryna: 
http://www.consultant.ru/document/ 
cons doc LAW_ 15234/ 
07.08.18). 


2. OO yrBepxyeHun DeyepasbHEIX HOPM U 


(qaTa oOpalleHua: 


mpaBusl B OOAaCTH MpOMbIMIeCHHOM Oe30rac- 
HocTu «IIpapusa Oe30MacHOCTH ONMAacHbIxX Mpo- 
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correlation coefficients are calculated, which 
showed a stable connection between the events. 

The dynamics of operation of cranes with the 
expired service life is the factor influencing the 
dynamics of accident rate during the operation of 
HD. 

The increase in the number of cranes with the 
expired service life is connected to the increase in 
fatal injury rate by 1,000 cranes, which is under- 
standable. 

Correlation dependences are found, with the 
help of which by Pearson's criterion (correlation 
coefficient) cause-and-effect relationship with 
accidents and injuries are established. The causal 
relationship between the number of hoisting de- 
vices and the dynamics of the accident rate of HD 
was also revealed. 

The most promising methods for further re- 
search are the methods of fractal and wavelet 
analysis. 

As a result of the study, it is expected that it 
will be possible to predict injuries, which will al- 
low the Supervisory and Control Bodies, together 
with the owners of HD, to develop and implement 
measures to prevent accidents or eliminate emer- 
gencies that may occur in the future. The latter 
circumstance will allow companies to save money 
on medical care and compensation for injured 
workers, and this will affect the positive socio- 
economic impact on the protection of workers 


from injuries at work. 
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